Extended lifespan and immortalization of human fibroblasts induced by X-ray irradiation.
The induction of immortalization of human fibroblasts by carcinogens is a very rare process. Hybrids between immortal cells and normal fibroblasts senesce, indicating that immortal cells must lose one or more senescence genes for immortalization. To examine the possible involvement of multiple gene alterations in extended lifespan or immortalization of normal human fibroblasts, normal human fibroblasts (WHE-7 cells) and skin fibroblasts (MDAH 087 cells) derived from a Li-Fraumeni syndrome patient with a mutated p53 allele were periodically irradiated with x rays. All six unirradiated control MDAH 087 cell cultures ceased growing by 37 population doublings (PD) and senesced. In contrast, one of six MDAH 087 cultures irradiated one to three times with x rays (2 or 4 Gy at 2 Gy/min) grew continuously for over 450 PD, indicating that the cells were immortal. All 12 WHE-7 cell cultures that were irradiated under the same conditions and all 20 unirradiated control WHE-7 cultures did not become immortal. Single-stranded DNA conformation analysis and DNA sequencing revealed that no additional mutations were induced by x-ray irradiation in exons 2-10 of the p53 gene of the immortal cells (LCS-4X2 cells) and that loss of the wild-type p53 gene was necessary but not sufficient for immortalization. Karyotypic analysis and chromosome painting analysis demonstrated that a high percentage (more than 98%) of LCS-4X2 cells had lost chromosome 6. Irradiation of WHE-7 cells nine times with x rays (2 Gy at 2 Gy/min) extended the cells' lifespans but did not immortalize them. These cells (X9 cells) exhibited a nonrandom karyotypic alteration, monosomy 6, that was confirmed by loss of heterozygosity for a polymorphic dinucleotide repeat sequence on chromosome 6. DNA analysis showed that X9 cells had no mutations in exons 2-10 of the p53 gene. DNA fingerprint analysis with a multi-locus probe detected DNA rearrangements in LCS-4X2 cells and X9 cells, indicating that both cells could have mutations at a gene or genes other than the p53 gene. The results are consistent with our previous findings that cells with a mutation in one gene involved in cellular senescence (i.e., the p53 gene in Li-Fraumeni fibroblasts) are prone to immortalization. Furthermore, we conclude that immortalization of normal human fibroblasts is a multistep process involving loss or inactivation of multiple genes, such as p53 and a gene on chromosome 6. Loss of a gene on chromosome 6 without p53 alterations extends cellular lifespan without immortalizing the cells.